PUBLIC INTEREST STATEMENT
This study examined the determinants of hospital solid waste composition in Obafemi Awolowo University Teaching Hospitals Complex, (OAUTHC) Ile-Ife. Data were collected through direct measurement of solid waste generated in all the wards except virology department of the hospital. Solid waste generators comprise of mixed gender, age and ethnic groups that visited the hospital during the survey period. The study discovered that solid waste is sorted in two compartments (General and Sharps). General waste identified include: disposables, anatomical waste, used cotton wool, domestic waste, pathological waste and contaminated pharmaceutical products, while Sharps include: needles, knives, pipettes, scalpels, Infusion sets and saws. Challenges identified were failure to quantify the solid waste generated in reliable records, and intermingling of hazardous waste with domestic waste. Therefore, modalities on periodic waste measurements, and source sorting of waste according to the recommendation of World Health Organization (WHO) should be worked upon.
Introduction
Waste is an inevitable by-product of man's developmental activity. It is regarded as useless, unwanted or discarded substance or material either temporarily or permanently valueless to the owner (Ngwuluka, Ochekpe, Odumosu, & John, 2009 ). It could be in gaseous, liquid and solid form (Taylor & Allen, 2006) . Solid waste can be referred to as materials generated from human daily activities that no longer have any value to the owner and ready to be discarded into the environment. Solid waste generation deals with the release of substance into the environment as a result of several activities which the materials are valueless to the owner at that time. The sources of solid waste are dependent on the socioeconomic and technological levels of a society (Tadesse, 2004) . Sources of solid waste include but are not limited to household or domestic, commercial, industrial, process or manufacturing, construction, and demolition. Others may also include agricultural, mining, radioactive, institutional, and most importantly, health care.
It is ironic that health care setting, which is established to restore and maintain the community health, is also threatening their well-being (Nema, Pathak, Bajaj, Singh, & Kumar, 2011) . Waste produced in the course of health care activities entails a higher risk of infection and injuries than municipal waste (Tesfahun, Kumie, Legesse, Kloos, & Beyene, 2014) . This is because it consists of general waste, sharps, pathological, infectious, pharmaceuticals, medical devices, and radioactive materials. Hospital waste generation depends on numerous factors such as the social and economic conditions of patients, type of health care facilities (HCF), hospital specialization, available waste segregation options, seasonal variation, the number of bed space and proportion of patients treated on a daily basis (Pruss, Giroult, & RushBrook, 1999) . Health care waste generated from different units in the hospital may cause serious health hazards through transmission of diseases and injury if not properly managed (Kumar, Mazta, & Gupta, 2015) . It also contributes to environmental degradation (Mahananda, 2015) . Obafemi Awolowo University Teaching Hospitals Complex (OAUTHC), Ile-Ife Nigeria also contributes significantly to health care waste generation. Health care solid waste can create irrecoverable hazards to hospital personnel, society and the environment if these are not managed correctly. The objective of this paper is to examine the quantity and composition of solid waste generated in Obafemi Awolowo University Teaching Hospitals Complex (OAUTHC), Ile-Ife in order to assist in planning for the appropriate medical waste management system.
Previous efforts at estimating the quantity of waste generation and their shortcomings
Studies carried out in the past to estimate the quantity of hospital solid waste generation in Nigeria were unreliable as a result of methodological flaws. The available information on the quantity and composition of the waste generated in tertiary hospitals were not reliable. Therefore, to determine the accurate quantity of man and material resources needed to manage solid waste in hospital will be difficult. For example, the work of Ajimotokan and Aremu (2009) and Fadipe, Oladepo, Jeje, and Ogedengbe (2011) attempted the quantification and characterization of health care solid waste through questionnaire administration. Respondents' opinion gave rise to hypothetical quantity. In this study, actual measurement of solid waste generated was carried out.
In some studies, the methods of estimation are questionable. For example, some researchers concentrate on in-patient to determine the per capita waste generation within hospital neglecting the out-patient (Ajimotokan & Aremu, 2009; Cheng et al., 2009; Gavrancic, Simic, & Gavrancic, 2012; Kheradpisheh and Salehii, 2013; Komilis, Fouki, & Papadopoulos, 2012) . This study therefore, examined per capita waste generation rates for both in-patient and out-patient in the study area.
Methodology
The study utilized both primary and secondary data. Primary data were obtained from actual measurement of waste generated in the hospital wards and clinics. The waste measurement exercise lasted for three calendar months of June, July and August of 2015. Each month's measurement was taken for seven days of the week. This methodology is adopted from (Afon, 2005 (Afon, , 2007 (Afon, , 2009 . The time and period of the three consecutive calendar months were selected randomly and hence might not represent the contribution over a full calendar year.
World Health Organization (2005) recommends that waste generated in hospitals should be sorted into the following major components: General waste, Pathological waste, Infectious waste, Sharps, Pharmaceutical waste, and radioactive waste. However, findings on site investigation revealed that all the wards and clinics except for virology department have their waste sorted into two different components, namely general waste and sharps.
Upon this background, every cleaner in all other wards and clinics was given 2(two) polythene bags per period of waste measurement for storage. Each polythene bag was measured using spring balance calibrated at an interval of 0.1 kg and can measure up to 5 kg. Waste generated in every wards, clinics, and laboratory were measured and records were kept accordingly.
Secondary data was obtained from wards, contractors and Head, Department of Environmental Health. Data obtained include number of beds in the wards (where applicable), number of cleaners and contractors responsible for waste management. Data collected were analyzed using descriptive statistics such as cross tabulation and graphs.
Findings and result
Data used were the measurement of solid waste generated taken in the wards. The measurement lasted for a week in each of three calendar months of June, July, and August of 2015. Identified during the data collection stage were two solid waste components which are General waste and sharps (see Plates 1 and 2). The general waste identified include disposables, anatomical waste, discarded medicines, used cotton wool, domestic waste, pathological waste, expired drugs, spilt and contaminated pharmaceutical products, and vaccines. Sharps include needles, knives, pipettes, scalpels, and other blades such as; Infusion sets, saws, broken glass, and nails.
Daily and weekly total quantities of waste generated were established. Since the total number of persons that generated the quantity of waste in different wards was known, per capita waste quantities were established on daily and weekly bases (see Table 1 ). Unless otherwise stated, the tables and figures in this chapter were the product of the field survey carried out in 2015. The quantities of the waste are in Kilogram (kg).
Quantity and composition of waste generated in OAUTHC in June
Findings shown in Figure 1 were the quantity and compositions of waste generated in the wards in the month of June. From Table 2 , the total quantity of waste generated for the seven day period was 1,171.8 kg (1.1718 tons). Of this figure, general waste was 856.8 kg in quantity. It represented 73.1% of the total quantity. Sharps weighed 315 kg and represented 26.9%. The analyses along the days of the week showed that the highest quantity of general waste without sharps was generated on Wednesday. The day's proportion represented 11.3% of the weekly generation in June. The highest waste (combination of general waste and sharps) was generated on Monday. It represented 177.9 kg. It is evident that people who need medical attention over the weekend (Saturday and Sunday) usually visit the hospital on Mondays for treatment. Sunday experienced lowest proportion of solid waste generated. The Sunday's proportion represented 124.7 kg. This reflects the low turnout of the people that need medical attention over the weekend. The hospital does not normally attend to the public on weekends expect for emergency cases. Table 2 presents the quantity and composition of waste generated in OAUTHC, from Monday to Sunday in the month of June, 2015. From the table, the total general waste generated was 856.8 kg, representing 73.1% of the total quantity generated; Sharps was 315 kg, representing 26.9%. The highest weekly generation was recorded in the Adult emergency ward where 12.7% of the waste was generated. The Postnatal ward generated 10.9%, Antenatal ward generated 9.3%. The least quantity of waste was generated in Antenatal clinic where 1.3% of the total quantity was generated.
The examination of the waste composition showed that the highest quantity of general waste was generated in the Adult Emergency ward (14.8%). The least quantity of general waste was recorded in Antenatal Clinic (1.1%). On the other hand, the highest quantity of sharps was recorded in the Adult Orthopedic ward (7.8%). Antenatal Clinic was where the least quantity of sharps (2.2%) was generated. This is an indication that the Adult Emergency Ward produced the highest quantity of waste among the wards in OAUTHC.
The high quantity of waste generated in Adult Emergency could be associated to the fact that the ward received the highest number of patients on referrer from other hospitals as well as accident victims during both day and night. Antenatal Clinic generated the least quantity of waste because Antenatal patients only come for consultation on clinic days which are open for just 8 h from Monday to Friday. This could have a significant effect on the generation rate. Hence, frequency of patronage and services rendered in different wards of the hospital is a determinant for volume of solid waste recorded across the wards. 
Quantity and composition of waste generated in OAUTHC in July 2015
A summary of the quantities of waste generated in July, 2015 is presented in Figure 2 . From Table 3 , waste generated for the week was 1,017.8 kg (1.017 ton) General waste accounted for 779.8 kg representing 76.6%, while sharps accounted for 238 kg representing 23.4%. There was a reduction in the quantity of waste generated in July when compared with that of June. The difference was 154 kg (14% reduction). However, the trend in June was also observed in July. This was because the highest quantity of general waste was also generated on Wednesdays. The Wednesday's generation represented 11.9%. The highest quantity of sharps generation was recorded on Saturday which represented 3.9%. The lowest waste generation was recorded on Sundays where 11.1% (9.2% General waste and 1.9% Sharps) of the weekly generation was experienced.
Presented in Table 3 is the quantity and composition of waste generated from the different wards in the study area in July. It was established that general waste generated for the month of July was 779.8 kg, representing 76.6% of the total waste generated. While sharps accounted for 238 kg (23.4%). From the total of 1,017 kg, the Adult Emergency ward generated 142.3 kg comprising 123.6 kg of general waste and 18.7 kg of Sharps. Postnatal ward generated 11.8% and waste from Antenatal ward produced 10.0% of the total waste generated for the month of July. The least waste generation was recorded in antenatal clinic, where 0.9% of the total quantity of waste generated in July was produced.
The highest producer of general waste was Adult Emergency Ward. This was where 15.9% of the monthly generation was produced. The Antenatal ward received the least generation of general waste (0.7%). The Adult Orthopedic and Antenatal Wards were prolific producers of Sharps. The proportions of the sharps were 7.89% and 7.85%, respectively in the wards.
The highest quantity of waste generated at the Adult Emergency Ward could be associated with the fact that, the ward received large number of patients both within and outside the region. However, the least quantity of waste was generated at Antenatal Clinic. This is because patients usually come for consultation only. Any emergency case in Antenatal Clinic is usually referred to necessary wards. 
Quantity and composition of waste in OAUTHC in August
The summary of findings for the quantity of waste component generated in August, 2015 is shown in Figure 3 . From Table 4 , the total quantity of waste generated for the week is 1,387.4 kg (1.387 ton). Of this figure, the quantity of general waste was 964.6 kg (69.5%), while sharps on the other hand weighed 422.8 kg (30.5%). The quantity of waste generated in OAUTHC in the month of August was more than the other months (June and July. Therefore, 30.7% increment was recorded in August. Despite the increment, the trend in June and July was also observed in the month of August. As the days of the week increased (Mondays to Sundays) the volume of waste was at decrease except for Fridays where the quantity of waste slightly increased. This could be associated with the fact that Friday is usually the last active working day of the week. Table 4 shows the quantity and composition of waste generated by individual wards In OAUTHC for the month of August. From the table, general waste constituted 964.6 kg (69.5%) while sharps accounted for 422.8 kg (30.5%). Findings as presented in the table revealed that the least quantity of waste was generated on Saturdays and Sundays. This is because of the low turn-out of the people for medical treatment on weekends. The hospital also doesn't operate actively on weekends, except for emergency cases.
Summary of quantity and composition of waste generated in OAUTHC in June, July and August 2015
Presented in Table 5 is the total quantity of waste generated in OAUTHC in the month of June, July and August 2015. Total waste generated within the survey period was 3,577 kg. The general waste accounted for 2,601.2 kg (2.6 tons) and it represented 72.7% of the total waste generated. Sharps was 975.8 kg (0.98 ton) representing 27.3% of the waste generated. There was a reduction of 14% in the waste production between June and July while there was an increase of 30.7% when the waste generated in July was compared to that of August.
Consequently, waste generated in the month of August accounted for 39% of the total waste generated in three months of the survey. The month of June generation accounted for 33% of the three months while the percentage for the month of July represented 28%. The study further established that the general waste in June was 24% while Sharps represented 9%. Similarly in July, the general and Sharps waste accounted for 22 and 6%, respectively. While in August, general waste represented 27% while Sharps was 12%. Notes: GEN = General waste and SHs = Sharps.
Having known the quantity and composition of waste generated in the three months, the data can be used to compute the daily and weekly per capita quantities. To do this, information on the daily generators was also needed. The numbers of generators for each of the week were as shown in Table 6 .
Per capita solid waste generated in OAUTHC
The per capita quantity was established for each of the waste components generated in OAUTHC. This was arrived at using the number of patients in each of the wards (generators) as the divisor of the quantity of waste produced. The number of generators for the wards as presented in Table 6   Table 4 . Quantity and composition of waste generated in OAUTHC in August and Sunday, respectively. The quantity of waste generated in the period was 3,577 kg (3.6 tons).
Findings on the solid waste generated per month in OAUTHC as summarized in Table 7 revealed that Mondays and Tuesdays accounted for the highest quantity of waste generated. The quantities of waste generated on Mondays were 177.9, 155.9, and 208.7 kg, for the month of June, July and August, respectively. The amounts of waste produced on Tuesdays in the same period were 176.9, 154.9, and 207.7 kg, respectively. This could be as a result of clinic and appointments days for patients to consult the doctors, for proper management and maintenance of their ailments. However, the least quantity of waste generated in OAUTHC was recorded on Sundays with 134.7, 112.7, and 165.5 kg, respectively for the three months under study. This could also be associated to the fact that in OAUTHC weekends are mainly for emergency situation and patients on chronic and pathetic situation.
Per capita solid waste generated in OAUTHC in June, July and August
The daily per capita solid waste generated for the month of June, July and August is presented in Table 8 -10, respectively. In the month of June, Tuesday accounted for the highest per capita waste generated, which was 0.779 kg. The reason for this increase was the accumulation of solid waste generated on Mondays evening added with the Tuesday morning waste components. The least per capita was recorded on Sunday with 0.591 kg. This was because low patronage of people that mostly recorded on Sunday affected the quantity of waste generation. Table 9 shows the per capita solid waste generated in OAUTHC for the month of July. The average per ward waste generated was arrived at, addition of the weekly per capita waste generated for the respective wards, divided by the numbers of wards. This includes 0.2105 kg. Summarized in Table 10 were the computed per capita solid waste generated in OAUTHC in August. Average per capita daily waste generated in the month of August was 1.044 kg. This was arrived at, by the addition of the daily per capita waste generated across the wards, divided by number of days.
Summary of per capita solid waste generated in OAUTHC in June, July and August
The per capita quantity indicated for each month was for a week. From the weekly figure for the respective months, the average daily per capita quantity was arrived at by dividing the figure by the number of days in a week. Thus, the daily per capita quantity in June was (5.124 kg ÷ 7) = 0.732 kg while the daily per capita quantity in July was (4.630 kg ÷ 7) = 0.661 kg and the daily per capita quantity in August was (7.314 kg ÷ 7) = 1.045 kg. The highest daily per capita quantity was recorded in the month of August (see Table 11 ).
However, The daily per capita waste generated for the all the wards for the whole period of survey except virology department of OAUTHC was (3576.5 ÷ 4471) = 0.799 kg.
Conclusion and recommendations
This study assessed the solid waste composition of Obafemi Awolowo University Teaching Hospital Complex (OAUTHC) Ile-Ife, Nigeria. It determined the quantity and components of solid waste generated in OAUTHC Ile-Ife. Findings established that solid wastes generated in majority of the wards of OAUTHC were sorted into two components (General waste and sharps). Waste components generated in the virology department were sorted into four components, which were: highly infectious, infectious, general waste, and sharps. It was established that sharps and general waste generated in wards represented 27.3 and 72.7%, respectively. However, from the results of the study, it was obvious that health care waste management in OAUTHC was not practiced according to World Health Organization (WHO) recommended standards. Before the recommendation, during the period of the study, there were number of problems faced by the hospital in managing its solid waste generated. The problems include: Failure to quantify the solid waste generated in reliable records, intermingling of hazardous waste with domestic waste, Lack of use of coloured bags or plastic container, among others.
The following recommendations are made with the hope of enhancing the operating efficiency of the hospital with regards to health care waste management:
(1) Actual measurement of solid waste generated: There is need to intermittently determine the quantity of health care waste generated in the study area. The provision of weighing scales will help to determine the quantity of health care waste generated in every ward or location before collection. With this, it is possible to determine precisely the quantity of waste generated per head in the health facility. It will also help to ascertain which unit or department generates the highest or lowest waste quantity. This could have implications on resource allocation in managing health care solid waste. It can also be used to draw waste management plan or guide for the study area.
(2) Segregation of the waste generated at the source: There is need for proper segregation of health care waste from the source. Segregation of solid waste generated in hospital is a feasible way to significantly reduce the quantity of infectious waste which is more expensive to manage. Any contact between the infectious waste with others means that the total waste (infectious, general and domestic waste) has to be considered as infectious waste. This will require more attention for handling. Every hospital should therefore, be compelled to adhere to the internationally recommended standards for hospital waste management.
(3) Use of symbol and colour code: Bags and containers for infectious waste should be marked with Biohazard symbol. There is need to use proper containers for the segregation with specific color codes in all wards. This will prevent mixing of the different waste types or components. Imposition of segregation practices within the hospital will result in a clean waste stream which can be easily, safely and cost-effectively managed.
(4) Provision of standard storage facilities: Adequate standard storage facilities should be provided to all the necessary areas in the hospital. The entire warn-out or obsolete waste receptacle should be replaced. The storage receptacles should be properly cleaned and disinfected regularly. This will aid in preventing possibility of any spread of diseases. Leakage from the waste receptacle should be prevented. These should be properly secured to prevent any unauthorized person from gaining access to it.
